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EFJZ3CT OF LA!I!ERALSHIFT OF CENTER OF GRAVITY

ON RUDDER D3TLEC TION REQUIRED FOR TRIM

By W. H. Phillips, H. L. Crane, and P. A. Hunter

SUMMARY

Tests of a single-engine scout-bomber airplane showed
that the rudder deflection required for trim at low speed
In the critical wave-off condition may be reduced approxi-
mately 10o by a lataral shift of the center of gravity
equal to 1.8 percent of!the wing span. The reduction in
rudder deflection required ?’ortrim consists of the rudder
deflection required to offset yawing moments from the
ailerons and from the component of the weight in the
direction of’the long?.tudinal axis and tho rudder deflec-
tion required to hold the sidesllp angle necessary to
maintain straight flight. The effect of the lateral
loading must be taken into account in tests to determine
the adequacy ot’the rudder for trim. The lateral center-
of-gravity lncat on 1s also important in the service
operation of airplanes because,by suitable distribution
of the useful load in the wings, the ability of the rudder
to trti the airplane in critical power-on conditions may
be markedly impro-:ed.

INTRODUCTION

Many modern single-engine airplanes have been found
to have rudder corltrolthat is inadequate for maintaining
straight flight at low speeds with power on. Attempts
have been made to increase the amount of rudder control
available by increasing the rudder chord or by offsetting
the fln or the thrust line.. Increasing the rudder chord
may result in excessive rudder forces in maneuvers or in
rudder lock. The offset fin or thrust line produces an
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that, at high speeds, may
re;ult in excess iv= rudder-force chang=s with speed-due
to deform~.tion of the surfaces under air loads.

Theoretical study Indicated that a lateral shift of
the center of gravity should have m appreciable effect
on the rudder deflection required for trim at low speeds.
Fllght tests were therefore mode to determine the effec-
tiveness Gf this method of reducing the rudder def’16ction
req~llrgdfor trim.

TEST RES’VLTS AND DISCUSSION

TWO flights were made in a Brewster XSBA-1 airplane
equipped with modified tail surfaces (fig. 1). This
airplane was kno-wn to iiavemarginal rudder control for
trim in some flight conditions end wes therefore chcsen
as representative of the type Involved in tne problem of
providing adaquete rudder .control in power-on flight at
low speeds. The center of gravity wes shiftoil4.16 inches
to the ri@lt for the first fli&ht and 4.16 inches to the
left for the second flight. !Tkisshift was accomplished
by asymmetric loading of fuel In the wing tanks.

The static directional-trim data presented in fig-
ure 2 were obtained from continuous records made while
the speed was graduelly reduced from 190 miles per hcur
to the stall h strsight flight witk the win~s level.
This fi{gure conteins the results of three runs mede with
each center-of-grev~ty locction. The alrplme was In
the wave-off condition with flaps deflected, lmdlng gear
down, and max’!u?n continuous power. The steady sldesllp
characteristics in the wave-off’ condition at approxi-
mately 60 miles per hour are shown in figure 3. ?fle~gured
control-surface deflectlmns..ihown in figures 2 and 3
were not corrected for cable stretch, but errors from
this source are believed to be small.

The dsta of figure 2(a), obtained with tke center
of’gravity 4.16-inches to the left of the thrust llne,
show that a rudder deflection of approximately 20° was
requlrecl to trim the airplane at 50 miles per k.our
(5 mph above the stalling speed). Corresponding data
of figure 2(b), obt~ined with the center of grsvit~
4.16 inches to the right of the thrust line, show that
a rudder deflection of approximately 10° was required
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for trim at this speed. For the total shift of 8.32 indhes m
&

--(-kd8 peroent of the .wfw.,SPqq) In,,,the center of igrevity,
the reduction in the rudder deflection “required for-trim
at 50 miles per hour wss therefore 10°. These velues were
obtained from the flight runs that showed closest agree-
ment in angle of bank. Using the average data for all
three runs In each flight would give somewhat greater
values for the reduction in rudder deflection. This
Increase in the values for the reduction in rudder deflec-
tion is thought to be caused by the small difference in
the angle of bank between the two sets of runs.

The rudder forces for trim at the stall were decreasad
from 85 pounds to 30 pounds by shifting the center of
gravity to the right. It should be noted that the direc-
tion of propeller rotetion was normal, that 1s, clockwise
when vl.ewedfrom the rear.

At 50 miles per hour, the totel aileron angle required
ror trim was 150 to the rQht with the left center-of- .
gravity locetlon snd 13° to the left with the right
center-of-grevity locetion. The aileron angle was always
well within the aveilable rengs of *400. Since the
dihedral effect was neutral as is shown In figure 3 by
the fact thet the eileron angle does not vary appre-
ciably with sideslip engle, none of the change in totel
aileron angle required for trim was caused by the differ-
ence in sideslip engle. The difference in sideslip angle
for the two center-oZ’-grevity locations affected the
rudder deflection required for trim, however, because
of’the inherent directional stability of the airplane.

The effect of lateral loadhg on the rudder deflec-
tion required for trim is believed to be caused by yawing
moments that result from the aileron deflection required
for trim and from the thrust required to overcome the
component of weight in the direction of the longitudinal
axis. When the rudder Is deflected to offset these
yawing moments, the side force developed on the vertical
tail causes a change in sidesllp angle that requires a
further change in the rudder deflection for trim. calcu-
lations based on theory indicate that these three sources
of yawing moment are of about equal Importance and that
the estimated values are of the right order of me@tude
to explain the observed effects.

The changes in rudder md aileron deflection caused
by the change I.nlateral loading may be seen to decrease
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rapidly with speed - an Indication that asymmetrical con-
trol deflections become very SIU611in flight et high “’
speed. The corresponding control forces would therefore
be expected to be smell et high speeds. In this respect,
lateral shifting of the centsr of gravitT is thought to
be preferable to offsetting the fin or the thrust line.

The use of a leteral shift of the center of gravity
to reduce the rudder deflection required for trim with
power on requires rudder deflection in the opposite
direction to trim the eirplsne at low speeds with power
off ● Calculations show thet this -rudderdeflection is
relatively small because the maximum lift coefficient
with power off is generaily much. smaller than with power
on. Wtien the center of gravity is shifted laterally, a
change in eileron an@e is raquirsd to maintain the
wings level while the normal acceleration is increased
in turns or pull-ups. A total ~il=ron mgle of about
3.5° would be required in pull-ups of the XSBA-1 air-
plane to the st~ll at mexlzrum level-flight speed with
the center-of-gravity locations used in the tests. A
more asymmetrical center-of-gravity location then was
used in the present.tests of the XSBA-1 airplane appears
to have been tolerated on sevel’al airplanes in service,
which have a lcteral center-of-gravity shift with normal
change in loading more then twice as great as that tested
on the XSBA-1 airplane. Because many sirplsnes hme
provision for cerryhg psrt of tkelr useful load in the
wings, the &bility of the rudder to trim these airplsnes
in critical power-on conditions may be improved by suitatile
distribution of’this load. It should be noted that an
airplene heving counterrotating propellers, which nor-
mally needs no rudder deflection for trim, may require
considerable rudder deflection for trim at low speed if
the center of grevlty 1s shifted laterelly.

CONCLUDING REWIKS

The deta Indiceted tlnata lateral shift of’the
center of’gravity is an ei’fectivemethod of overcoming
inadequate rudder control in power-on flight et low
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speeds. In tests to determine the adequacy of the rudder,
,.,.~ the lateral,.location of,the center of gravity mus-tbe

taken Into account.
.............

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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Figure l.- Three-quarter rear view of Brewster XSBA-1 airplane used in tests. ~
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(a) Center df gravity 4.16 [nc.kv to left of z%rusf line.
F7gure 2. - J%atic directional. fr[m and longitudinal Mibil[ty charader-

isfics in wave - off conditiw ~fiaps dsf[ected; tan ding gear down;
maximum con iinuous power) Rudder frimmmg tab neutral;
Brewsier A3BA ‘1 airpkne.
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(b) Center of gr.v[fy 4?/6 inches to right of thrust )lne.
figure 2. – Conc[Uded.
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figure 3.- Steady Sides,lip Chard cferidtics in bwwe- off c Ondifion ‘
af dpproxima+ely 60 rni]es per hour (flaps def!ecfed; landing
geu down; maximum continuous po werl Center of grav[+y
4.16 inches to rigtd of thud line; Brewder XSZ?A -1 airplane.
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